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Antistatic properties of polymers such as polyethylene, 
polypropylene, polystyrene or polymethyl methacrylate, are improved by 
surface coating or adding to bulk imidazolines of general formula where 
Rl is -CH2CH20H, R2 is 8-17C alkyl, R3 is CH2COOMl/n wher eM is Na, K, 
Ca, Mg, Ba, Cu, Zn, Cd, Ca(OH), Ba(OH), Mg(OH), Cu(OH) or Zn(OH) and n 
is valency of the metal, R4 is H or 1-5C alkyl, A-is C1-, br-, S04~, 
C104.CH2S04-,N03-or (CH3)2P04-. The above benzimidazole salts are 
insol. in water and exceed in properties the well-known alakamone-type 
antistatic agents. The surface coatings are obted. from solns. of 
1.0-2.0 wt% concentration, and the preferred bulk addn. is 1-4 wt%. In 
an example, 50 mm dia., 1 mm thick, low density polyethylene discs were 
immersed for 20 sec. in a 1% ethanolic soln. of 
l-dodecyl-4,5,6,7-tetrahydrobenzimidazolium bromide and dried for 24 
hrs. at room temp. The resulting sp. surface resistance was 3.4. 109 
ohms at 20 plus-or-minus 3 degrees C and rel. humidity of 65 plus or 
minus 5%. Similar samples were treated with 
l-hydroxyethyl-2-heptadecyl-2-imidazoline HC1, and the corresponding 
resistance was (1.6-67). 1012 ohms. 
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A. <l>. IloatapCKHH h B. T. IlojiyAHeHKo 
3aHBHTeJib — 



CIIOCOB /1H9J1EKTPH3AUHH TEPMOIlJlACTHHHblX nOJIHMEPOB 



1 

H3o6pereHHe othochtch k cnoco6y noHH>Ke- 
hhh 3jieKTpH3yeMocTH noflHMepoB nyieM HaHe- 
ceHHH Ha hhx hjih BBeASHHn b Maccy COJieft hmha- 
a3o^HHa. 

H3BecTeH cnocod noHHHceHHa 3JieKTpH3yeMo- 
cth no^HSTHJieHa c noMombio co/ieA, no/iyneHHbix 
B3aHM0AeftcTBHeM 1 -rHApoKCH3TH^-2-renTaAeuH^- 
2-HMH^a30JiHHa c co^hhoA, cepHofi hjih creapH- 

HOBOH KHCJIOTOH. 

OAnaKO nojiHMepHbie o6pa3Ubi, nojiyqaeMbie 

H3'BeCTHbIM Cn0Cb60M, 06^aAai0T OTHOCHTeJlbHO 
HeBblCOKHMH aHTHCTaTHHeCKHMH CB0HCTB3MH; 

yae^bHoe noBep xhocthoc conpOTHBJieHHe p s co- 
CTaBJineT 1,6- I0 12 — 6,7- 10 13 om npn TeMnepaiy- 

pe 20°C H OTHOCHTeJIbHOft BJiaHCHOCTH 65%. 

.npefljiaraercH cnocofi noHHKeHHH 3^eKTp-H3y- 
eMocTH nojiHMepoB (HanpHMep, nojiHSTHJieHa, no- 
^HnponH^eHa, nojiHCTHpojia, noJiHMeTH^MeTaKpH- 
Jiaia) nyTeM HaHeceHHa Ha noBepxHOdb hjih 

BBe^eHMH B MaCCy HMHA330,flHHOBblX COeAHHeHHft 

b KaqecTBe KOTopux Hcnojib3yK>T cojih o6meft 
(j)opMy^bi 
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rAe Ri=— CH2CH2OH; 

R 2 =aJiKHJibHbiH pa^HKaji Ca— Ci 7 ; 

R 3 =rpynna CH 2 COOM v / n> rae M=Na, K, 
Ca, Mg, Ba, Cu, Zn, Cd, Ca(OH), Ba(OH), 
Mg(OH), Cu(OH) rjib Zn(OH), n — BajieKT- 
Hodb MeTajuia; 

R 4 = H HJtH ajIKHJIbHblH paAHKajI Cl— C$; 

A-=C1-, Br-, S0 4 - 2 , ClOf, CH 3 SO-, 
NO^, hjih (CH 3 ) 2 PO^. 

06pa3Ubi nojiH3THJieHa hh3koh h bhcokoh 
iuiothocth, no^y^eHHbie npH bbcashhh b Maccy 
noJiHMepa cojiefi 6eH3HMHAa30JiHH corviacHO 
npeAJiaraeMOMy cnocody, o6jiaAaioT p s 1,0* 10 9 — 
1,5 - 10 11 om npH TeMnepaxype 20±3°C h otho- 
cinejibHOH BJiajKHOCTH 65±5% h HMeiOT npeAe/i 
TeKy^ecTH npH pacTH>KeHHH (or T ) 103 — 
246 Krc/cM 2 , npeAe^i npo^HocTH npH pacTHJKCHHH 
(a p ) 118—160 Krc/cM 2 h OTHocHTejibHoe yAJiH- 
HeHHe npH pa3pbiBe (e) 106—650%. 

ripH noBepxHocTHOM HaHeceHHH co/ieft 6en3- 
HMHAa3o^HH corJiacHO npe/uiaraeMOMy cnocoSy 
na nojiHMepw p s o6pa3uoB cocTaBJineT 8,2 • 1 0 7 — 
3,1 - 10 10 om npH TeMnepaiype 20db3°C h otho- 

CHTeJlbHOH BJiaHCHOCTH 65±5%- 

ripHMeHJieMbie corviacHo npe^araeMOMy cno- 
co6y co^h 6eH3HMHAa30JiHa o6^aAaiOT noBbimeH- 

HOft BOAOCTOHKOCTbK) (He paCTBOpHIOTCH B BO- 

Ae) h npoHB/iaioT do^ee bucokhh aHTHCTaTHqe- 

CKHfl 3(j)Ct)eKT npH BBeAeHHH B MaCCy nOJlHSTH- 
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JieHa HH3KOH h BbicoKofi njiOTHocTH no cpaBHe- 
iuiio c Han6ojiee 3({><j)eKTHBHb!MH npoMwuuieHHM- 

MH aHTHCTaTHKaMH THna ajIKaMOHOB, KOTOpbie 
paCTBOpHMbl B BOAe HJ1H CMeiUHBaJOTCfl c Heft. 
; COJIH 6eH3HMHAa30^HH H3HOCHTCfl Ha HOBepX- 5 

nOCT b UOJlHMepOB H3 paCTBOpOB KOHUeHTpaUHH 

on 0/ Bec '°^ Q (npeauoHTiirejihHo 1,0— 

^,0 BeC. /0 ) HJ1H BBOAJITCS BH} ; Tpb nOJIHMepOB B 

KOJiHHecTBe 0,5-6,0 sec.% (npeanomiiT^bHo 
1—4 Bec.%). 1Q 

BBe^eHHe cojiefi 6eH3HMHAa30;iHfl b pacnjiaB 
no/iiwepoB B03MOKHO odbiMHbiMH cnocoSaMH- Ha 
vajibuax, b nviacTocMccnTe^e Tuna «BeH(5epH» 
una b SKCTpyaepe. 

npHMep 1. 4hckh MaMeTpoiw 50 mm h toji- 15 

1UHHOH 1 MM H3 nOJIH3THJieHa HH3K0H nJIOTHOCTH 

norpyjKaiOT H a 20 ce K b 1%-huh pacrsop rHApo- 
OpoMHAa 1 -AOAeuHJi.4,5,6,7-TeT P arHApo6eH3HMHA- 
a3o^HH b sthjiobom cnHpie h cyuiaT npn KOM- 
hsthoh TeMnepaType hoa yiviOM 45° b TeqeHHe 20 

OAHHX CyTOK. p s 06pa60T3HHblX T3KHM CHOCo6oM 

o6pa 3 uoB cocTaB^ex 3,4- 10 9 o M npn TeMnepa- 
rb5 /o . 

IIpHMep 2. flMKH AH3MeT P OM 50 MM H TOJI- 25 

iuhhoh I mm H3 nojiHSTH^ena bucokoh njiOTHo- 
cth norpyjKaioT Ha 20 ce K b 1%-Hufi pacTBop 
riiApo6poMHAa l-AOAeu.H,n-4,5,6,7-TeTparHApo- 
0eH3HMHAa30JiHH b 3Tiijiobom cnapTe h cyuiaT 
npH KOMHaTHoft TeMnepaType noA yivzoM 45° b 30 
TeqeHHe oahhx cyTOK. p s o6pa6oTa H Hbix TaKHM 
cnoco6oM o6pa 3 uoB cocTaBjineT 5,3- 10 9 om hdh 
TeMnepaType 20±3°C h othochtc/i bHoft BjiaatHo- 
cth 65±5%,, 

npHMep 3. JXhckh AHaMeTpoM 58 mm h toji- 35 
uihhoh 2 mm h 3 nojiHCTHpojia norpyacaiOT Ha 

CeK B 1%-HMH paCTBOp THAp06p0MHAa 1-AO- 

AeuHJi-4,5,6,7-TeTparHApo6eH3HMHAa30JiHH b sth- 
jiobom crrapTe h cyma T npn komh3thoh TeMne- 
paType ooa yivioM 45° b TeqeHHe oahhx cyTOK. Ps 40 
o6pa<5oTaHHbix thkhm cnoco6o M o6pa3uoB co- 
CTaBJineT 5,3- 10 9 om npn TeMnepaType 20±3°C h 

OTHOCHTe^bHOH BJI3JKHOCTH 65±5 % . 

IIpHMep 4. Hhckh AHaMeTpoM 58 mm h mn- 

IUHHOH 2 MM H3 nOJI HM eTHJI M6T3 KDHJ13TB nOrDV- 4S 

waior Ha 20 ce K b 1%,-huA pacrsop rHA P o6po- 
mha3 1 -AOAeuHji-4,5,6,7-TeTparHApo6eH3HMHAa3o- 

J1HH B 3THJIOBOM CnHpTe H CyuiaT npH KOMH3THOH 

TeMnepaType noA yiviOM 45° B TeneHne oahhx 
cyTOK. p s o6pa6oTaHHux tskhm cnocodoM o6pa 3 - 50 



M±3 C H OTHOCKTe^bHOH BJiaXHOCTH 65±5% 
IIpHMep 5. flHCKH AH3 MeTpOM 50 MM H TOJI-' 

fn nJ* i 1 * H3 no;iHn P on ^eHa norpyacawT Ha 

ni^AlY*"* PaCTB °P ^PO^pOMHAa 1-AO- 

AeuHji.4 t 5 t 6 t 7-TeTparHApo6eH3HiiHAMOJiHa b sth- 
jiobom cnnpTe h cyma T np H komh3thoh TeM- 
nepaiype no A yrjioM 45° b TeqeHHe oahhx cy T0 K 
Ps ofipaOoraHHux t3kh m cnoco6oM o6pa3i«)B co- 
CTaB^eT 7,1 -\Q 9 om npn TeMnepaType 20+3°C 

H OTHOCHTejlbHOH BJia^KHOCTH 65±5% 

npHMepbi 6-20. HaHoc^T cojih 6eH3HMHA- 
aSOJIHfl Ha nOJlHSTHJieH hhskoij djiothocth Tax 
>Ke, k3k b npHMepe 1. 

H a ^ M H ePM 2, ~ 26 - ^HSHMWaSWIHH 
H3HOCHT H3 nOJlHSTHJieH BUCOKOH IIJIOTHOCTH K3K 

b npHMepe 2. ' 

n p h m e p bi 27-29. HaHoc»T co^h 6eH3HM H fl- 
aaojiHH Ha no^HnponHj]eH, K a K b npHMepe 5 

n P HMepu 30-34. COJIH 6eH3HMHjHa30JlHfl 

HaHocaT Ha hcihcthpo^, kbk b npHMepe 3 
n p h m e p u 35-40. HanocflT co^h 6e H 3HMHn- 

aSOJHH H3 HO^HMeTHJIMeTaKpHJiaT, K3K b npHMe- 

Ta6jiHue npHBeAenu Ps oQpasHOB np«MepoB 

npHMep 41. n<WIH3THJieH HH3KOH HJIOTHOCTH 

cMeuiHMioT c 4,0 Bec.% rH A po6poMHja l-nema- 
aeuHJi^.S.S.y-TeTparHapoeeHaHMHAaso^Hfl Ha 
Bajibuax npa TeMnepaType 135±5°C b TeqeHHe 
7 urn. no^yienHbie o6pa3uu o6jiaaaioT Ps 1 0- ■ 
• 10 om npn TeMnepaType 20±3°C h OTHoeMTeib- 

HOH BJI3WHOCTH 65±5% H HMeJOT <7 T , On H 8 COOT- 

BeTCTBeHHo 112 ktc/cmV 118 ktc/cm 2 H 600%. 

HpHMep 42. ri0^H3THJieH BUCOKOfl njIOTHO- 

cth CMeuiHBaroT c 4,0 Bec.% rHflpo6poMHfla 1- 
TeTpaAeuHJi-4,5,6,7 - TeTparaapo6eH3HMHaa30JiHH 
Ha Ba^buax npn TeMnepaType 155±5°C b Tene- 
? H c e ,n,f <HH - n(W, yeMHwe o6pa3Ubi o6^aaaiOT Ps 
1,5- 10" om npn TeMnepaType 20±3°C h otho- 
CHTe^bHoft BJiaxHocTH 65±5% h HMeioT cr T , a D 
cooiBercmHHO 246 Krc/cM 2 , 130 ktc/cm 2 . h 
1 06 % 

n p h m e p 43. IlojiHnponHJieH cMeuiHBaioT c 

4,0 Bec.% THAPOOKHCH l-p-OKCH3THJI-2-TpHfleUHJI- 

3-KajibUHHKap6oKCHMeTH^-4,5,6,7 - TeTparHApo- 
6eH3HMHAa30JiH« Ha Bajibuax npH TeMnepaType 
175±5 C B TeqeHHe 7 mhh. riojiyqeHHbie o6pa3- 
™ °oo^ M}0T ps 3 » 4 ' 1010 om npw TeMnepaType 

^0±3 C H OTHOCHTeJIbHOH BJ13JKH0CTH 65±5% 
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406849 



yAeJibH e noBepxHocTHoe conpoTHBJi&HH.e noaHMepoB npn h&h£C6hhh coaeft 6eH3HMHAa30JiHa 

hb noBepXHOctb noJiHMepoB 



npHMep 


noJiHMep 


66H3HMHfla30flHHOBOe coeAHHeHHe 


KOHIjeHTpaiJHH 

pacTBopa 
BemecTB, 
Bee. % 


Ps» °M 


6 


UojiHsmjien hh3koh iijiothoct* 


i THApoxjiopHA l-OKTHJi-4,5,6,7-TeTparHfl- 

po6e H3 hm H A3 3 OJI Hfl 


2,0 


4,2- 10* 


7 


To *e 


TfupoxJiopHA 1-AOAe uh/i-4 , 5 , 6, 7- Terpa - 

THApo6eH3 HM H fla30JI H fl 


1.0 


3,0- 10* 


8 




THflpoxjiopHfl l-renraAeuHJi-4 t 5,6,7-TeT- 
parHflpo6eH3HMMfla30^Hfl 


1,0 


8,5- 10» 


9 




Cyab<jjaT !-OKTH4-4,5,6,7-TeTparHApo6eH- 

3HMH^a30JlHa 


2,0 


9,0. 10* 


10 




THflpoGpoMHA l-neHTa^euH/i-4,5,6,7, -TeT- 
parH^po6eH3HMHAa30JiHfl 


2,0 


1,2109 


11 




flepxjiopaT !-TpHAeuHJi-3-MeTHJi-4,5,6,7- 

TeTparHAp06eH3HMHAa30JIHH 


2,0 


9,0- 10* 


12 


• 


MeTacyjb<J>aT l-0KTHJi-3-MeTHJi-4, 5,6,7- 
TerparH Apo6eH3 HMHAaao^ h h 


2,0 


9,3- 10' 


13 




AHMeTa<}Joc<{)aT l-renTaAeiwji«3-neHTHJi- 
4 f 5,6,7-TeTparHflpo6eH3HMHAa30jmH 


2,0 


2,110» 


14 




HHTpaT l-OKTHJi-4,5,6,7-TeTparHApo6eH- 

3HMHA&30JIMH 


2,0 


2,110» 


15 


• 


TH^pOOKHCb 1- ^ -0KCH3THJI-2-TpHAeUHJI- 

3-KajibaHiirHApooKHCbKap6oKCHMeTHfl-4,5, 
6,7-TeTparHflpo6eH3HMH<aa30JiHfl 


2,0 


7,0-10* 


16 


ITcWHSTHJieH HH3K0H IMOTHOCTH 


THApOOKHCb 1- 3 -0KCH9THJI-2-0KTHJI-3- 

H3TpHHKap6oKCHMeTH./i- 4,5,6 ,7-TerparHApo- 

6eH3HMHfla30JIHJI 


2,0 


2,0- 10* 


17 


To »e 


fHApOOKHCb 1- $ -OKCH3THiI-2-renTafl5- 
UHJI-3-MarHHHrH^pOOKHCbKap60KCHMeTHJl- 

4,5,6,7-TeTparHapo6eH3HMHfla30JiHH 


2,0 


8,210* 


18 


* 


TwApooKHCb 1- fi -0KCH9THJi-2-renTaAe- 

UHJI-3-6apHHrHAp00KHCbKap60KCHMeTHJi-4, 

5,6, 7- TeTparnApo6eH3 hm h Aa30Ji h a 


2,0 


4,0-10* 


19 


* 


THApOOKHCb 1- P -OKCH9THJI-2-OKTHA-3- 

KynpyMKap6oKCHMeTH^-4,5,6,7-TeTparHApo- 

6eH3HMHA230JIHfl 


2,0 


8,0-109 


20 


* 


THApOOKHCb 1- ?* -0KCH3THA-2-A0AeHHJI- 

3-qnHKKap6oKCHMeTHJi-4,5,6,7-TeTparHApo- 
6eH3HMHAa30Jina 


2,0 


3,0- 10' 


21 


FIOJlHSTHJieH BblCOKOft nflOTHO- 
CTH 


THApoxjiopHA l-AOAeunfl-4,5,6,7, -TeTpa- 

rHAp06eH3HMHAa30AH5I 


1.0 


4,010* 


22 


To »e 


Cyjib$aT l-renTaAeuHA-4,5,6,7-TeTparHA- 

p06eH3HMHA33OnHA 


2,0 


2,0- 10» 


23 


M 


IlepxjiopaT 1 -okthji-4, 5 , 6 , 7- TeTpa r Hjpo- 

6eH3HMHA330JIHH 


3,0 


6,1.109 


24 


* 


AHMeTacjjoc^aT l-AOAeunA-3-MeTiu-4,5, 
6 ,7-TeTpar'HApo6eH3HMHAa30AHa 


2,0 


9,7- 10* 


25 




Meiacyjib^ar l-reirraAeijHJi-4,5,6,7-TeT- 
parHApo6eH3HMHAa3o^Ha 


2,0 


1,7- 10« 


26 


• 


THApOOKHCb 1- fl -OKCHBTHJI-^-AemiJI-3- 

Ka^HfiKap6oKCHMeTHJi-4,5,6,7-TeTparHApo- 

6eH3HMHAa30JIHfl 


2,0 


1,9- 10* 




T'lf ' "' If T' 1111 '^'! 
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f;ii 

Sr.! 
isi'li 



rr:! 



ripHMep 


noJiHMep 


BeH3HMHAa30^HH0B0e coe^HHeHHe 


UPOA 

KoHueHTpauHa 
pacTBopa 
BemecTB, 
Bee. % 


ojiateHHe 
Psi om 


27 


nojiHnponHjieH 


THApoxjiopHa l-A0AeuHJi-4,5,6,7-TeTpa- 

r HApOO e H3 H M H A 3 3 0 JI H ff 


2,0 


1,0-108 


28 


To »e 


HHTpaT l-renTa^H^-3-neHTH^-4,5 t 6,7- 
TeTparHApo6eH3HMHfla30flHH 


2,0 


4,310» 


29 




| THApooKHCb 1- p -0KCH9THA-2-reniaAe- 
UHA-3-KaAMHflKap60KCHMeTHfl-4,5,6,7-TeT- 
parHApodeH3HMHAa3ojiH« 


2,0 


1,2- 10" 


30 


- 


r hadox jiopha 1 - AeijHJi -3-MeTHJi -4,5,6,7- 

TeTparHAp06eH3HMHAa30JIHS 


0,5 


6,0- 10» 


31 


■ 


Cyjjb<j>aT l-AOAeuH^-4,5,6 t 7-TeTparHApo- 

OeH3HMHAa30JIHfl 


2,0 


7,0- 10 8 


32 


• 


HHTpaT l-AOAemu-4,5,6,7-TeTparHApo- 

6eH3 MMH A330JI H fl 


2,0 


2,0- 10 9 


33 


* 


THApOOKHCb 1- p -0KCH3THJ-2-A0AeUHA- 

3-Kynpy M rHApooKHCbKap6oKCHMeTHfl -4,5, 
6,7-TeTparHApooeH3HMHAa3ojiHfl 


3,0 


5,3- 10» 


34 


» 


THApooKHCb l- p -0KCH9TH^-2-renTaAe- 

UHJl-3-UHHKrHAp00KHCbKap60KCHMeTHJ-4,5, 

6,7-TeTparHApo6eH3HMHAa3ojiHH 


2,0 


7.010 9 


35 


riOJIHMCTHJIM6T3KpHJiaT 


r HApox^opHA l-A0AeuHA-4,5,6,7-TeTpa- 

rHApo6eH3HMHAa30JlHfl 


2,0 


8,2- 10? 


36 


To »e 


Cy^b4>a T l-AOAeiiHJi-4,5,6,7-TeTparHApo- 

6e H 3HMHAa30JIH« . 


2,0 


9,4108 


37 


* 


^HMeTa4>oc$aT l-0KTHjM,5,6,7-TeTpa- 

rHAp06eH3HMHAa30JIHfl 


2,0 


3,1. 10io 


38 


* 


THApOOKHCb 1- p -OKCH3THJI-2-A0AeUHA- 

3-KajibUHflKap6oKCHMeTH^ - 4,5,6, 7-reTpa- 

rHAp06eH3HMHAa30flHfl 


2,0 


5,7-108 


39 


» 


THApooKHCb l-p-0KCH9THJi-2-renTaAeuHji- 
3- oap H fi K ap6oKCHMeTHA -4,5,6, 7-TeTpam a- 

p06e H3 fiM H A3 3 OJl H fl 


2,0 


3,0-108 


40 


* 


THApOOKHCb 1- p -OKCH3TH^.2-OKTHJI-3- 
H 3TpH K3p6oK CHMeTH Jl -4 , 5 , 6 » 7- Te TparHApo- 
6eH3HMHAa30JlHfl F 


2,0 


8,9-108 



* ' ~"^^*'W*»«i/l 

Cnoco6 Ae3jieKTpH3aijHH TepMonjiacTHHHhix no- 
JiHMepoB nyTeM HaHeceHHn na noBepxHOCT b hah 

BBe^eHHH B MaCCy HMHfla30.flHHOBbIX COeAHHeHHH 
OTJIH^aiOmHHCHTeM, qTO, C HeJlbK) yjiymue- 
HHfl aHTHCT3THHeCKHx CBOHCTB ITOJIHMepOB, B K3- 
HCCTBe HMJWa3OJIHH0BHx COeAHHeHHH npHMCHHIOT 

cojiu oduxen $opMy;ibi 
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rAeR,=— CH 2 CH 2 OH; 
R 2 =a^KHJibHHH pa^HKa^ C 8 — Ci 7 ; 
R 3 ==rpynna CH 2 COOMi/„, r*e M 
. Ca .MR Ba, Cu, Zn, Cd, Ca(OH), 
5 Mg(OH), Cu(OH) mjih Zn(OH), 
/i Ba^ieHTHOCTb Meiajuia; 
R 4 =H hah ajiKHJibHbiA pa/uiKaji Ci 
A--C1-. Br-, SO^ C10 7 , 
(CH 3 ) 2 P0 4 - HJ1H NO3-. 



=Na, K, 
Ba(OH), 



— C5; 
CH3SO7 
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THnorpa^HH, np. CanyHOaa, 2 



rioAnHcuoe 



